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EUHDVW FDQFHU LV WKH PRVW IUHTXHQWO\ GLDJQRVHG FDQFHU DQG FDXVH RI FDQFHU GHDWK DPRQJ
ZRPHQ $FFRUGLQJ WR WKH :+2 FDQFHU UHSRUW WKHUH ZHUH DQ HVWLPDWHG  PLOOLRQ
QHZFDVHVRIDOOFDQFHUVLQZRPHQDQGPLOOLRQFDQFHUGHDWKVRIDOOFDQFHU
GHDWKV LQ ZRPHQ LQ  $OWKRXJK SURJUHVV KDV EHHQ PDGH IRU WKH GHYHORSPHQW RI
YDULRXV WKHUDSHXWLFVVWUDWHJLHV WDUJHWLQJEUHDVWFDQFHUFHOOV WKHH[DFWPHFKDQLVPIROORZHG
E\ WKLV WUHDWPHQW DUH VWLOO XQNQRZQ 0RUHRYHU FKHPRWKHUDS\ SRVVHVVHV WKH ULVN RI
VLJQLILFDQWVLGHHIIHFW7KHUHIRUH IXUWKHUVWXG\WRH[SORUHWKHH[DFWPHFKDQLVPXQGHUO\LQJ
WKHSURJUHVVLRQRIEUHDVWFDQFHULVHVVHQWLDO2QHRIWKHFUXFLDOJHQHVNQRZQWREHLQYROYHG
LQ EUHDVW FDQFHU SURJUHVVLRQ LV (UE% (UE% SURWHLQ VXSHUIDPLO\ FRQVLVWV RI IRXU UHFHSWRU
W\URVLQH NLQDVHV 57. (*)5 +(5 (UE% +(5 (UE% +(5 (UE% +(5
7\URVLQHNLQDVHVRIWKHVHUHFHSWRUVDUHDFWLYDWHGYLDIRUPDWLRQRIDKRPRRUKHWHURGLPHU
DQG SOD\ DQ LPSRUWDQW UROH VXFK DV SUROLIHUDWLRQ VXUYLYDO PLJUDWLRQ RI FDQFHU FHOOV
2YHUH[SUHVVLRQ RI (UE% RQFRJHQH LV IRXQG LQ  RI WKH EUHDVW FDQFHU FDVH $
FRPPRQVWUDWHJ\IRU WUHDWLQJ(UE%RYHUH[SUHVVLQJEUHDVWFDQFHU LVE\EORFNLQJ LWV VLJQDO
XVLQJDWDUJHWHGWKHUDS\HJWUDVWX]XPDEDQGODSDWLQLE(UE%DQG(UE%DUHDOVRNQRZQ
WRSOD\DQLPSRUWDQWUROHLQWKHUHVLVWDQWFHOOV
&KDSWHU )HHGEDFN FRQWURO RI(UE% YLD(5.PHGLDWHGSKRVSKRU\ODWLRQRI
DFRQVHUYHGWKUHRQLQHLQWKHMX[WDPHPEUDQHGRPDLQ
3UHYLRXV VWXG\ IURP RXU ODERUDWRU\ VKRZHG WKDW W\URVLQH NLQDVH DFWLYLW\ RI WKH
DV\PPHWULF (*)5 KRPRGLPHU LV QHJDWLYHO\ UHJXODWHG YLD (5.PHGLDWHG SKRVSKRU\ODWLRQ
RI 7KU LQ WKH MX[WDPHPEUDQH GRPDLQ ,Q WKH SUHVHQW VWXG\ ZKHWKHU D VLPLODU
PHFKDQLVP SOD\V D UROH LQ WKH IHHGEDFN UHJXODWLRQ RI WKH (UE%(UE% KHWHURGLPHU WKH
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PRVW SRWHQW (UE% UHFHSWRU GLPHU ZHUH LQYHVWLJDWHG LQ KXPDQ EUHDVW FDQFHU FHOOV
&RQVWLWXWLYH W\URVLQH SKRVSKRU\ODWLRQ RI(UE% DQG(UE%ZDV VLJQLILFDQWO\ GHFUHDVHG LQ
SKRUERO HVWHU 73$ DQG JURZWK IDFWRUWUHDWHG %7 DQG 0'$0% FHOOV ,Q
FRQWUDVWWRWKHGHFUHDVHGW\URVLQHSKRVSKRU\ODWLRQ3KRVWDJ:HVWHUQEORWDQDO\VLVUHYHDOHG
WKDW 73$ LQGXFHG SKRVSKRU\ODWLRQ RI (UE% LQ DQ (5.GHSHQGHQW PDQQHU 7KH WDUJHW
WKUHRQLQHUHVLGXHFRUUHVSRQGLQJWR(*)57KUDQGWKHVXUURXQGLQJUHVLGXHVDUHKLJKO\
FRQVHUYHG LQ (UE% EXW QRW LQ (UE% 7KHUHIRUH ZH JHQHUDWHG SKRVSKRVSHFLILF
PRQRFORQDODQWLERGLHVXVLQJWKHLPPXQRVSRWDUUD\DVVD\RQDFKLS,6$$&WHFKQRORJ\D
UDSLG LVRODWLRQ V\VWHP IRU UDEELW PRQRFORQDO DQWLERGLHV 7ZR SKRVSKRVSHFLILF FORQHV
DYDLODEOHIRU:HVWHUQEORWDQG7KH.GYDOXHVRIDQGZHUH[
0 DQG  [ 0 UHVSHFWLYHO\ZHUH REWDLQHG8VLQJ WKHVH DQWLERGLHV (5.PHGLDWHG
SKRVSKRU\ODWLRQ RI (UE% DW 7KU ZDV GHWHFWHG LQ 73$WUHDWHG FHOOV 0RUHRYHU
WUHDWPHQW ZLWK WUDPHWLQLE DQG 6&+ LQKLELWRUV RI WKH 0(.(5. SDWKZD\ DQG
VXEVWLWXWLRQ RI 7KU WR DODQLQH LPSDLUHG WKH IHHGEDFN LQKLELWLRQ RI (UE% DQG (UE%
)LQDOO\ ZH H[DPLQHG WKH HIIHFW RI (UE% GRZQUHJXODWLRQ RQ $NW D NLQDVH VXSSRUWLQJ
FDQFHU FHOO VXUYLYDO LQ %7 FHOOV &RQVWLWXWLYH $NW SKRVSKRU\ODWLRQ ZDV LQKLELWHG E\
73$ ,Q DGGLWLRQ 73$LQGXFHG VXSSUHVVLRQ RI $NW ZDV UHVWRUHG E\ SUHWUHDWPHQW ZLWK
WUDPHWLQLEVXJJHVWLQJWKDW(5.PHGLDWHGSKRVSKRU\ODWLRQRI(UE%7KULVFULWLFDOIRU
GRZQVWUHDP$NWSDWKZD\7KHVH UHVXOWVGHPRQVWUDWHG WKDW(5.PHGLDWHGSKRVSKRU\ODWLRQ
RI WKH FRQVHUYHG WKUHRQLQH LV D FRPPRQPHFKDQLVP IRU WKH QHJDWLYH IHHGEDFN FRQWURO RI
DFWLYH(UE%UHFHSWRUGLPPHUV)LJXUH
&KDSWHU 7ZR GLIIHUHQW PHFKDQLVPV IRU '1$GDPDJLQJ DJHQWLQGXFHG
LQDFWLYDWLRQRI(UE%DQG(UE%YLD(5.DQGSSDWKZD\V
&LVSODWLQ &''3 DQG GR[RUXELFLQ '2; UHSUHVHQWDWLYH FKHPRWKHUDSHXWLF GUXJV
WULJJHU DSRSWRVLV E\ LQGXFLQJ WKH '1$GDPDJHV 2XU ODERUDWRU\ SUHYLRXVO\ UHSRUWHG WKDW
&''3FDXVHVQHJDWLYH IHHGEDFN LQKLELWLRQRIDFWLYDWHG(*)5PXWDQW LQ OXQJFDQFHUFHOOV
,QWKHSUHVHQWVWXG\ZHLQYHVWLJDWHGWKHUROHRIIHHGEDFNSKRVSKRU\ODWLRQLQ(UE%(UE%
KHWHURGLPHU LQ KXPDQ EUHDVW DQGJDVWULF FDQFHU FHOOV 3KRVSKRU\ODWLRQ RI(UE%7KU 
ZDV LQGXFHG E\ &''3 DQG '2; ZKLFK LQ WXUQ UHGXFHG W\URVLQH DXWRSKRVSKRU\ODWLRQ RI
(UE% DQG (UE% LQ %7 EUHDVW FDQFHU FHOOV 6LPLODU UHDFWLRQV ZHUH DOVR REVHUYHG LQ
0'$0% EUHDVW FDQFHU FHOOV 0.1 JDVWULF FDQFHU FHOOV DQG +(. FHOOV
RYHUH[SUHVVLQJ (UE% DQG (UE% 7UHDWPHQW ZLWK WUDPHWLQLE D 0(. LQKLELWRU EORFNHG
ERWK (5.PHGLDWHG 7KU SKRVSKRU\ODWLRQ DQG WKH IHHGEDFN LQKLELWLRQ RI (UE% DQG
(UE% ,Q WKH IUDPH RI WKHVH ILQGLQJV ZH QH[W LQYHVWLJDWHG WKH IHHGEDFN LQKLELWLRQ RI
(UE%(UE% KHWHURGLPHU E\ 7KU SKRVSKRU\ODWLRQ LQ &''3WUHDWHG +(. FHOOV
&HOOV ZHUH WUDQVLHQWO\ WUDQVIHFWHG ZLWK HLWKHU ZLOG W\SH RU 7KUWR$OD 7$
PXWDWHG (UE% DQGZLOG W\SH (UE% ,QWHUHVWLQJO\PXWDWHG (UE%7$(UE% GLG QRW
UHVSRQG WR &''3 WUHDWPHQW LQ WHUPV RI WKUHRQLQHW\URVLQH PRGXODWLRQ \HW (5. ZDV
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